A 68-year-old man presented with progressive right lower quadrant abdominal pain and tenderness without rebound tenderness, and with constipation during the prior 9 mo. Abdomino-pelvic computed tomography and magnetic resonance imaging demonstrated a dilated appendix forming a fistula to the sigmoid colon. Open laparotomy revealed a bulky abdominal tumor involving appendix, cecum, and sigmoid, and extending up to adjacent viscera, without ascites or peritoneal implants. The abdominal mass was removed en bloc, including resection of sigmoid colon, cecum (with preservation of ileocecal valve), appendix, right vas deferens, testicular vessels, and minimal amounts of anterior abdominal wall; and shaving off of small parts of the walls of the urinary bladder and small bowel. Gross and microscopic pathologic examination revealed an appendix-to-sigmoid malignant fistula secondary to perforation of mucinous adenocarcinoma of the appendix with minimal local spread (stage T4). However, the surgical margins were Core tip: A patient with mucinous appendiceal adenocarcinoma had appendiceal perforation that was locally contained by a malignant appendix-to-sigmoid fistula. The patient presented with right lower quadrant pain and tenderness and constipation. Abdominopelvic computed tomography and magnetic resonance imaging revealed a bulky peri-appendiceal mass containing an appendix-to-sigmoid-fistula. Pathologic analysis after debulking surgery revealed a locally extensive cancer involving appendix, sigmoid, and cecum and extending up to adjacent viscera with clear surgical margins and benign lymph nodes. The patient remained free of local recurrence/metastases during 1 year of follow-up despite not receiving chemotherapy/ radiotherapy. This apparently favorable outcome is due to this cancer's nonaggressive biology, and the fistula which likely largely contained cancer cell spillage within the colon and prevented free cancer cell spillage.
INTRODUCTION
Malignant colonic perforation entails a poor prognosis because of presentation with acute sepsis/peritonitis and subsequent development of gross metastases from intraperitoneal seeding of malignant cells from the perforation [1] . A case is reported of mucinous appendiceal adenocarcinoma (MAA) presenting as a bulky mass due to appendiceal perforation and fistulization, treated by debulking surgery; and presenting initially without sepsis; and subsequently at 1 year follow-up had no evident local or distant metastases despite the prior malignant appendiceal perforation. The pathophysiology of this clinical presentation and course is explained by the appendixto-sigmoid fistula containing spillage of cancerous cells within the colon and preventing free spillage, and by the low grade, nonaggressive biology of MAA [2] . The literature was systematically reviewed using the medical subject headings/key words of: "mucinous adenocarcinoma" or "pseudomyxoma peritonei" or "appendiceal neoplasm" or "appendiceal adenocarcinoma". Two authors independently reviewed the literature and decided by consensus which articles to incorporate in the study. This case report received exemption/approval from the William Beaumont Hospital IRB on June 16, 2016.
CASE REPORT
A 68-year-old man with past medical history of hypertension, hyperlipidemia, and colonic diverticulosis presented with progressive right lower quadrant abdominal pain and constipation during the prior 9 mo. Colonoscopy with good cecal visualization, performed 2 years earlier for routine colon cancer screening, had revealed a normal colon and normal appendiceal orifice. Physical examination revealed normal vital signs, soft abdomen, minimal right lower quadrant tenderness, no rebound tenderness, and no palpable abdominal mass. Laboratory analysis revealed hemoglobin = 13.1 gm/dL, leukocyte count = 12000/mL, and serum bicarbonate = 28 mmol/L. Serum electrolytes, serum parameters of liver function, serum parameters of renal function, and serum lactate level were within normal limits. Abdomino-pelvic computed tomography (CT) revealed a dilated, heterogeneous, appendix with an 8-cmlong, ovoid, periappendiceal mass containing a fistula to sigmoid colon ( Figure 1A) , and revealed no findings suggestive of pseudomyxoma peritonei or peritoneal implants, including intraperitoneal fluid, peritoneal calcifications, or scalloping of the liver. Abdominopelvic magnetic resonant imaging (MRI) showed on coronal view a dilated, 8-cm-long, appendix fistulizing to the sigmoid ( Figure 1B and C) ; and showed on axial view an abnormally thick, enhancing, appendiceal wall without significant peri-appendiceal inflammation ( Figure 1D ). Open laparotomy revealed an extensive mass involving appendix, cecum, sigmoid colon, anterior abdominal wall, and urinary bladder ( Figure  2A) ; no peritoneal implants, and no pseudomyxoma peritonei. The abdominal mass was removed en-bloc, including resection of sigmoid colon, cecum (with preservation of ileocecal valve), appendix, right vas deferens, testicular vessels, and minimal amounts of anterior abdominal wall; and shaving off of small parts of the walls of the urinary bladder and small bowel. Gross pathological examination of the resected mass revealed an appendix-to-sigmoid fistula, as confirmed by a probe, from prior perforation of a promontoric (preileal/postileal appendix traveling from cecal base towards the sigmoid in the pelvis) appendix ( Figure  2B ). Microscopic pathology showed well-differentiated, invasive, mucinous, adenocarcinoma diffusely involving the appendix, sigmoid, and cecum through the serosa (Figure 3 ). Histopathology showed no invasion of adjacent organs, such as the bladder wall or anterior abdominal wall. Lymphovascular invasion and satellite A: Gross pathologic photograph shows entire surgically resected specimen (including appendix, cecum, sigmoid colon, part of bladder, and anterior abdominal wall) after bisecting the sigmoid colon that exposes the haustral folds within sigmoid, but before bisecting the centro-inferior tumor (note green ink identifying surgical margins of tumor). Insertion of two parallel probes (one inserted from left to right and the other inserted from right to left) demonstrate a fistula traveling from the cecum, on the bottom left, to the sigmoid, on the bottom right. Bisection of the centro-inferior tumor (B) reveals that the appendix forms the malignant fistula; B: Gross pathologic specimen after bisection of centro-inferior tumor (seen before bisection in A) exposes an irregular, cystically dilated, malignant appendix that forms the malignant fistula. It is lined by a variably thick wall composed of the mucinous adenocarcinoma and filled with viscous, mucoid, content. Sigmoid (star). Cecum is at left bottom of photograph immediately adjacent to arrow.
Hakim S et al . Mucinous appendiceal adenocarcinoma presenting with appendix-to-sigmoid fistula * B A diagnosed preoperatively and usually diagnosed postoperatively by histopathological examination of the resected specimen after exploratory surgery for other suspected disease [3, 6, 7] . MAA, a low-grade, relatively noninvasive, cancer, rarely produces distant metastases, except when signet ring cells occur in addition to mucin (denoted separately as signet ring cell cancer) that indicates high-grade mucinous adenocarcinoma [8] . No cases of distant lymphatic or hematogenous metastases were reported by Nitecki et al [2] among 52 patients with MAA, even in patients with severe intraperitoneal disease, but one patient had pulmonary metastases from MAA in a case report by Gourgiotis et al [3] . Local nodal involvement is also uncommon when the cancer involves only the mucosa or submucosa [9] , but the incidence increases to 20%-25% when the primary cancer more deeply invades the appendiceal wall [10, 11] . Ovarian involvement from MAA is, however, common in females; among 23 female patients undergoing oophorectomy reported by Niteck [2] , 13 had ovarian involvement. Pseudomyxoma peritonei (PMP) occurs when mucin escapes intraperitoneally, often secondary to appendiceal perforation (disseminated peritoneal adenomucinosis), or uncommonly from malignant peritoneal seeding of mucin-producing cancerous cells (disseminated peritoneal carcinomatosis) [10, 12] . peritumoral nodules were not present. All surgical margins and all 13 resected lymph nodes were devoid of cancer (Stage pT4b N0). The patient developed postoperative ileus from which he recovered, and was discharged 11 d postoperatively. No postoperative chemotherapy or radiotherapy was administered. The patient was doing well 1 year later, with no ascites, pseudomyxoma peritonei, or cancer recurrence, as observed clinically by an oncologist and by repeat abdomino-pelvic CT examination.
DISCUSSION
Primary adenocarcinoma of the appendix is rare. It accounts for 0.12 cases per 1000000 patients per annum, 0.05%-0.2% of all appendectomies, about 0.2% of all gastrointestinal neoplasms, and only 6% of appendiceal cancers [3] . Appendiceal adenocarcinoma is divided into colonic, mucinous (MAA), goblet cell, and signet ring cell types [4, 5] . MAA usually presents with nonspecific findings. It frequently presents with acute abdominal pain resembling acute appendicitis; sometimes presents as an abdominal mass detected by palpation or abdominal imaging, as occurred in the currently reported case; and rarely presents with nausea, vomiting, ascites, or involuntary weight loss. Due to its nonspecific presentation, it is rarely 
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MAA frequently causes appendiceal perforation, as occurred in this case, attributed to the mucinous gel obstructing the lumen and the narrow appendiceal lumen. For example, in a comprehensive literature review encompassing 316 cases of appendiceal adenocarcinomas, 55% of patients presented with appendiceal perforation [13, 14] . Data on therapy are sparse because MAA is rare. Therapy depends upon pathologic stage. Right hemicolectomy is recommended after an initial appendectomy when pathologic examination of the resected specimen reveals MAA localized to the appendix. Nitecki et al [2] reported in a study of 29 patients with clinically localized MAA, a 73% 5-year-survival after right hemicolectomy versus a 44% 5-year-survival after appendectomy alone; patients undergoing right hemicolectomy after initial appendectomy have residual cancer detected in up to 27% of right hemicolectomy specimens [10] . Abdomino-pelvic CT and colonoscopy should be performed before undergoing the right hemicolectomy after initial appendectomy to detect synchronous colon cancers which occur in up to 18%-27% of patients [2, 7] . Women should standardly undergo oophorectomy because of frequent ovarian metastases [2, 7] . Presence of peritoneal spread requires surgical debulking by primary tumor excision, right hemicolectomy, lymph node dissection, omentectomy, peritoneotomy, and removal of malignant ascites [7] . Patients with intraperitoneal lymphadenopathy or PMP might theoretically benefit from adjuvant intraperitoneal chemotherapy, using 5-flurouracil and levamisol, but this chemotherapy is not of proven benefit and therefore controversial [7, 10, 15] . However, intraperitoneal chemotherapy is generally recommended if peritoneal implants are identified [16] [17] [18] . Frequent surveillance colonoscopy is recommended after surgery because of an approximately 17% incidence of metachronous colon cancer [2, 7] . The current case illustrates the nonaggressive biologic behavior of this low-grade malignancy. The patient presented with abdominal pain and constipation for 9 mo; laparotomy revealed a bulky tumor involving appendix, cecum, sigmoid colon, and adjacent viscera. The promontoric appendiceal location (appendix located in pelvis and traveling towards the sigmoid, as observed intraoperatively), an appendiceal anatomic variant that occurs in several percent of patients [19, 20] , may have promoted sigmoid fistulization. The adhesiveness of mucin may also have promoted fistulization. Rapid fistulization presumably contained the leakage of mucin and cancerous cells within the fistula and sigmoid colon, and prevented free intraperitoneal spillage, as would have been expected from free appendiceal perforation. Despite appendiceal rupture, malignant fistulization, and pathologic T4 stage, no lymph nodes were involved at presentation (stage N0), and no recurrent tumor or PMP was detected, by clinical examination or repeat abdomino-pelvic CT, 1 year after the initial surgery without chemotherapy. The patient had undergone colonoscopy 2 years before the surgery which had not detected MAA; appendiceal cancer is commonly missed at colonoscopy because the cancer is located deep in the appendix and not visible from the cecal lumen [21] . This study is limited because it reports only one case, and surgical cure cannot be definitively claimed because of only 1 year of follow-up. However, a favorable prognosis is indicated by the clear surgical margins, absence of lymph node involvement, absence of the aggressive signet ring cell histology, and absence of PMP or distant metastases detected at surgery or 1 year thereafter. In conclusion, this patient had no evident local, peritoneal, or distant metastasis 1 year after undergoing debulking surgery without chemotherapy, despite appendicular perforation and malignant fistulization from MAA. This phenomenon is explained by the appendix-to-sigmoid fistula containing the spillage of cancerous cells within the colon and preventing free spillage, by the low grade, nonaggressive nature of MAA [2] , and perhaps by the adhesiveness of mucin which might promote containment of appendiceal spillage.
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Case characteristics
A 68-year-old man presented with progressive constipation and right lower quadrant (RLQ) abdominal pain for the prior 9 months and with right lower quadrant tenderness, without rebound tenderness, on physical examination. Colonoscopy with good cecal visualization, performed 2 years earlier for routine colon cancer screening, had revealed a normal colon and normal appendiceal orifice.
Clinical diagnosis/ differential diagnosis
The differential diagnosis based on patient history of RLQ abdominal pain and constipation for 9 mo, and physical finding of RLQ tenderness without rebound tenderness is very broad. This mild clinical presentation contrasts with the severe final pathologic diagnosis of mucinous appendiceal adenocarcinoma with perforation/fistulization. This discrepancy is explained by the relatively nonaggressive biology of this cancer, prevention of acute peritonitis and distant cancer spread from containment of the appendiceal perforation by fistulization, and perhaps the adhesiveness of the mucin produced by this cancer which may promote fistulization.
Laboratory diagnosis
All routine blood tests were within normal limits, except for very mild leukocytosis. This mild presentation contrasts with the severe final pathologic diagnosis of mucinous appendiceal adenocarcinoma with perforation/ fistulization. This discrepancy is explained by the pathological finding that the cancer at perforation formed a malignant appendiceal-to-sigmoid fistula that COMMENTS most likely contained the inflammation and prevented acute appendicitis after perforation, and helped locally contain the malignancy without distant malignant seeding and consequent development of distant metastases.
Imaging diagnosis
Abdomino-pelvic computed tomography revealed a dilated, heterogeneous, appendix with an 8-cm-long, ovoid, periappendiceal mass containing an appendixto-sigmoid fistula, without evident pseudomyxoma peritonei or peritoneal spread. Abdomino-pelvic MRI showed on coronal view a dilated, 8-cm-long, fluid-filled, appendix fistulizing to the sigmoid; and showed on axial view an abnormally thick, enhancing, appendiceal wall without significant peri-appendiceal inflammation. These imaging tests, however, did not reveal the cause of the appendiceal fistulization. The differential diagnosis of the radiologic findings included most likely benign perforating appendicitis, and unlikely appendiceal malignancy with fistulization, including the rare malignancy of mucinous appendiceal adenocarcinoma.
Treatment
Open laparotomy revealed an extensive mass involving appendix, cecum, sigmoid colon, anterior abdominal wall, and urinary bladder; no peritoneal implants, and no pseudomyxoma peritonei. The abdominal mass was removed en-bloc including resection of sigmoid colon, cecum (with preservation of ileocecal valve), appendix, right vas deferens, testicular vessels, and minimal amounts of anterior abdominal wall; and shaving off of small parts of the wall of the urinary bladder and small bowel. No chemotherapy or radiotherapy was administered postoperatively because pathologic examination revealed a bulky primary tumor with surgical margins clear of cancer, no involved lymph nodes, and no distant metastases or pseudomyxoma peritonei.
Pathological diagnosis
Gross pathological examination of the resected mass showed an appendix-tosigmoid fistula, as confirmed by a probe, from prior perforation of a promontoric (preileal/postileal appendix traveling from cecal base towards the sigmoid in the pelvis). Microscopic pathology showed well-differentiated, invasive, mucinous, adenocarcinoma diffusely involving the appendix and adjacent mass. All surgical margins and all 13 lymph nodes in the resected specimen were devoid of cancer (Stage pT4b N0).
Related reports
Mucinous appendiceal adenocarcinoma is a low-grade cancer that rarely metastasizes to distant organs, except for the ovaries in females. The relatively benign clinical presentation and clinical course during 1 year of follow-up is explained by the well-described indolent, nonaggressive, nature of this cancer, and the sigmoid fistulization after malignant perforation that likely prevented the acute clinical presentation of sepsis normally expected after free appendiceal perforation, and likely contained the spillage of cancer cells and prevented subsequent distant metastases. The finding of mucinous appendiceal carcinoma despite a normal appearing appendiceal orifice at colonoscopy 2 years earlier is pathophysiologically reasonable. Colonoscopy performed soon before the pathologic diagnosis of mucinous appendiceal adenocarcinoma usually does not reveal the cancer because only the appendiceal orifice is visualized at colonoscopy and cancer deep in the appendix is not visualized.
Experiences and lessons
The key finding is the favorable clinical course and apparent cancer cure with negative surgical margins, no involved lymph nodes, and no pseudomyxoma peritonei at surgery and at 1-year follow-up, despite the malignant perforation and bulky primary cancer. This phenomenon is explained by the appendix-tosigmoid fistula containing the spillage of cancerous cells within the colon and preventing free spillage and consequent distant metastases, by the low grade, nonaggressive nature of MAA, and perhaps by the adhesiveness of mucin which might have promoted fistulization.
Peer-review
This is an interesting presentation of a Case report with literature review in which is evaluated limited, local, extracolonic spread of mucinous appendiceal adenocarcinoma after perforation with formation of a malignant appendix-tosigmoid fistula.
